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Introduction
Early UL/DL data transmission (EDT) in Msg3/Msg4 is being introduced in Rel-15 for both BL/CE UEs [1] and NB-IoT UEs [2].
RAN1#91 sent the following response to an LS from RAN2 [3][4]:
	RAN1 thanks RAN2 for their LS on early data transmission in NB-IoT to which RAN1 replies and requests further information as follows.
To the questions in the LS from RAN2:
1) RAN2 question: To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively?

RAN1 reply:
For NB-IoT, RAN1 will select from the Rel-13 NPUSCH TBS values, and it is feasible to support at least 5 MCS/TBS/RU size combinations. (RU = resource unit).

For eMTC, RAN1 will select from the Rel-13 PUSCH TBS values, and the maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3. 

Note that RAN1 replied in part in a previous LS R1-1719103.

2) RAN2 question: To support above TB sizes for Msg3, would there be need for new UL grant format(s) in RAR?  If yes, what changes are foreseen?

RAN1 reply:
For NB-IoT, it has been agreed in RAN1 that:
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4

RAN1 respectfully ask RAN2:
1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.
2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.
3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.



RAN2#100 briefly discussed padding issues in Msg3 for EDT and subsequently carried out an email discussion on how to address these padding issues [5].
Discussion
RAN2 has agreed that PRACH partitioning is used to indicate a UE’s intention to use EDT in Msg3. There is no strict need for maintaining the MAC RAR message for EDT backwards compatible with the MAC RAR message for non-EDT, but it may be beneficial from implementation reusability point of view if the changes are small compared to legacy. In the following we consider ways to adapt the UL grant for EDT without increasing the UL grant size.
Figure 1 and Figure 2 show the definitions of the MAC RAR message for BL/CE UEs [6]. As can be seen from the figures, the UL grant field is 4+8+8=20 bits for CE mode A and 4+8=12 bits for CE mode B.


[bookmark: _Ref494242395]Figure 1: Definition of MAC RAR for CE mode A (PRACH CE level 0 & 1)


[bookmark: _Ref494242397]Figure 2: Definition of MAC RAR for CE mode B (PRACH CE level 2 & 3)

Table 1 shows the definitions of the UL grant field in the MAC RAR for BL/CE UEs [7]. The MCS/TBS field size is 3 bits for CE mode A and 2 bits for CE mode B. If it is desired to keep one legacy value for fall-back operation, there are 7 other values in CE mode A and 3 other values in CE mode B that could be used for EDT grants without increasing the field size.
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	DCI contents
	CE mode A
	CE mode B

	Msg3 PUSCH narrowband index
	

	2

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	
4 - 
	0

	Total Nr-bits
	20
	12



RAN2 is discussing solutions for reducing excessive padding when the data in the UE buffer is small compared to the scheduled grant [5]. According to some solutions, the UE will be able to select a smaller Msg3 size than the scheduled grant, and the eNB may need to detect the selected Msg3 size blindly. In this case, if it is desired to allow eNB to indicate dynamically whether the UE may select a smaller Msg3 size, some indication in the UL grant would be needed (possibly some entries in the MCS/TBS fields). Considering the desired range for MCS/TBS and potential indication of whether the UE may select a smaller size than the granted one, perhaps the total number of required MCS/TBS indices will exceed 8 in CE mode A or 4 in CE mode B.
Assuming that EDT is for RRC_IDLE state only, the CSI request field in the UL grant for CE mode A is not needed and can be removed, allowing the MCS field to be increased from 3 bits to 4 bits. However, in CE mode B there is no corresponding field that can be removed. An option that may be feasible also in CE mode B is to merge the MCS/TBS field with the field for Number of repetitions into a combined 5-bit field and carefully select combinations of MCS/TBS values and numbers of repetitions that make sense.
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Conclusion
We propose the following:
Proposal 1	If RAN2 indicates that only a small number of MCS/TBS values are needed, they are accommodated in the existing MCS/TBS index fields for CE mode A/B.
Proposal 2	If the MCS field in the EDT RAR UL grant for CE mode A (but not CE mode B) needs to be increased, consider removing the CSI request field (1 bit).
Proposal 3	If the MCS/TBS field in the EDT RAR UL grant for CE modes A and B (or only CE mode B) needs to be increased, consider merging the MCS/TBS field with the field for Number of repetitions into a combined 5-bit field and select combinations of MCS/TBS values and numbers of repetitions that make sense.
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